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NATTONAL, ADVISORY COMMITTER FOR AERONAUTICS

- ADVANCE RESTRICTED REPCRT

INFRARED-SPECTROPEOTOMETRIC ANALYSIS COF BINARY AND
TERNARY MIXTURES OF LIQUID HYDROCARBONS

By Alden P, Cleaves and Mildred . Sherrick

SUMMARY

An investigatlon was conducted to determine the sultabllity
and precision of a modifled, routine-model, infrared spectropho-
tometer for analyzing binary and termary mixtures of alrcraft-fuel
components. Analyses by means of Infrared measurements are des-~
cribed for the followlng hydrocarbon mixtures: 12 known mixtures
of 2,2,3-trimethylbutane (triptene) and cyclohexane, 4 known mixtures
of triptane and benzene, and 4 known mixtwres of triptane, cyclo-
hexane, and benzene.

The effects of certain factors on the accuracy of the analyses
are consldered and the pieclision attalned 1ls reported. Computed
differences between welghed and spectrophotometric percentages are
rogarded as uncertalnties of the analyses. Five repeated spectro-
Photometric measurements on the groups of four known mlxtures make
posslble the estimatlon of the reproducibillity for these cases,
Imperfect reproducibllity and minor deviatlons of the measurements
from a linear relatlon between extinctlon and concentration are
Important sources of uncertalnty.

The results indicats that rapid and reliable anmlyses of binary
and ternary mirxtures of the three types of liquld hydrocarbon rep-
resented by 2,2,3-trimethylbutans (triptane), cyclohexane, and
benzene are feamible by use of a routine-model infrared spectropho-
tometer with an average uncertainty (relative to compounds regarded
as pure) of approximately %1 percent. The improved rellability
that results from determining the meen of five extinctions indicates
the desirability of repeatling extinction measurements when a small
Increase of tims required for analysis is unimportant.
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INTRODUCTION

Slmple, rapid, and rellable metkods of analysis for individ-
val hydrocarbons facllitate scientific control of the production
of high-antiknock components for aircraft fusls. Extensive pro-
duction of fuels for military aircraft by new mwethods of petro-
leum processing and fuel synthesls has increased the need for such
analytical methods. As the antiknock characteristics of new hydro-
carbons become known, analyses of synthetic fuel components provide
a guide for the rational modification of processes and the sclen-
t1fic blending of the products into high-performance aircraft fuels
that meet predetermined specifications. Chemical methods are
generally either too slow or too restricted in scope to serve ade-
quately thess purposes.

Prior to about 1940 much knowledge concerning the carposiltion
of hydrocarbon mixtures similar to the gesoline fraction of petro-
lewm was acquired from measurements of the physical propertlies of
narrow-boiling fractions obtained by distillation. These techniques,
perfocted in the investigatlons of reference 1, have been amplified
by adsorption techniques (reference 2) and freezing-point measure-
ments (reference 3) into physical methods for quartitative analysis
that are effective but often tedious, Usually these physical
methods can be based on accurate values of the properties of pure
hjﬂrocarbons, such as conplled 1n referonce 4, Infrared analysis,
another physical method tkat has recently been developad (refer-
ences 5 to 8), 1s rellable, relatively rapid, and often adequate
for the analysis of fractlions contalning ebout six compononts.

This method, supplemented by dilstillation, may therefore expedlite
the analysis of coriplox fuel components, Inherent diffsronces 1n
Infrarcd spectrophotomstoers make 1t essentlal that serples of pure
hydrocarbons be avallable for she calibrations on whiclh infrared
analyses are basged.

Information recelved from the Spectrographic Subcommittee of
the British Technical Advisory Committee indicates that research-
typo infrared spectrophotomoters having high dispersion kave been
used to analyze liquid hydrocarbon fractions with bolling ranges
loss than 5° C and boiling tompcratures below 100° C., Some pro-
@ress has also beon made by Britlsh and American sclentists with
bydrocarbon mixturcs in the boiling range abovs thils tempsrature,

In connectlon with a general program to ovaluato and com~
pero hydrocarton products of high antiknock value, an investl-
gatlion wvas conducted at the NACA Clovoland laboratory during
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the spring and summer of 1944 to determine the sultabllity of a
modifled, routine-model, infrared spectrophotometer for analyzing
synthetic liquid hydrocarbon mixtures. This instrument wes reported
in reference 7 to be adequate for vapor mixtures. The Iinvestigation
conslsted in analyses of synthetic binary and termary mixtures of
liquld pareffinic, naphthenic, and aromatic hydrocarbons and also
included a study of some factors affecting accuracy of the results.
Some detalls of the analytical methods employed have been omitted

from this report owing to the extensiveness of the available liter-
ature on the subject.

CONSTITUENTS OF THE MIXTURES

The difficulty of spectrophotometric analysis 1s affected by
ths number of components, thelr molecular structure, and their
boiling points. As boiling points increase, temperature intervals
between ad jacent-bolling compounds and the wavelength intervals
between bands in the infrared spectrum of each compound tend to
decrpase. Seperation by distillation and analysis based on the
spectra for mixtures that contaln compounds with bolling polnts
above anproximetsly 100° C are difficult, and resulting analytical
errors may somet!imes amount to more than 1l nercent of the total
sample, Progress may nevertheless be axpected in the succesaful
application of infrared methods.

Choice of hydrocarbons. - Components that form mixtures of
medium analytical difficulty were selected for trial analyses. The
compounds chosen for the present investigation were 2,2,3-trimethyl-
butane (triptane), benzene, and cyclohexane. These hydrocarbons
ropresent typical paraffinic, aromatic, and naphthenic components,
respectively, of an aviation-fuel cut that boils at approximately
80° C. The bolling point of the triptane is 80.9° C and the bolling

points of the other two hydrocerbons are within 1° of this temperature.

Purity of the samples. - Because all analyses presented
herein are 1n terms of the actual hydrocarbon samples (which were
regarded as pure), the accuracy of these analyses relative to abso-
lutely pure compounds 1s affected by the purlty of the samples used.
All samples were dehydrated, and e description of additional treat-
ment to reduce- errors caused by the vresence of impurities is glven
in the following parsgraphs.

The sample of triptane was a middle fraction obtained by
distillation with a still of 40 theoretical plates from part of
a batch supplied by the General Motors Corporation. The batch
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was 97 percent pure or better according to informatlcn from the
supplier. Refractive indices of cuts in the distillation ranged
from 1.3891 to 1.3895. The varlation In indices of the cuts 1ia

" probably evidence of some selectlve fractlonation favorable to
improved purity. The index 1.3895 18 that of the samgple used in
this 1nvestigatlon and 1s ldenticel with the value for pure
triptane given in reference 4 (p. 2).

The cyclohoxane sample-was also a middle fractlon distilled
from about 2 liters of the compound supplied by the Phillips
Petroleum Company. Refrectlve indices of the counsecutive cuts
decreased from 1.42644 to 1.42619, and the indsex of the cenler
cut used was 1.42621, which agrees with the value for pure cyclo-~
hexane given 1n reference 4 {p. 116).

) The benzene samnle, cbtalned ‘from The. Barrett Division of
Allled Chemlcal & Dye Corporaticn, was extenslvely treated by the
Fvele Synthesls Sectlon at the Cleveland laboratcry to lmprove
1ts purity. The agreement of values represonting its physical
properties as obtained by the Fuel Synthesls Section with values
given in reference 4 (p. 75) is shown in the following tabulation
and 1s evidence of the high purity of the semple.

Sample Source Refrac- |Freezling|Boiling|Spaclfic
tive po%nt point gravity,
index, | (C) (°c) 320
20 4
Benzene|Cleveland 1.5011 5.49 80.1 0.8789
labcratory
Roference 4]11.5012 5.51 80.09 .87893
i (p.75)
APPARATUS

Routine-model infrared apecfriphotometer. - The routine-
model lnfrared apectro;rhotometsr, described 1n detall in refor-
encea 5 to 7, has a 60° rock-salt nrism with 4- by G-centimeter
faces and slits of l-centimoter length, which are ad.justable with
a precision of about 0.0l millimetcr in the range of wldtbhs from
0.01 to 2 millimeters. The spsctrophotometer Ls equlnpred with
17 individually ad justable stops for meking reproducible wave-
length settings 1n the range frum 3 pn to 15 y, Thse effect of
temperature change on the refractive index nf tho prism 1s com-
pensated by a differential-expanslion mechaniem that controls
the exact noslitlon of the parabolic collimating mirror.
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The spectrophotameter was modifled for the present tests by
installing a miorometer screw (0.001 in. per graduated division)
that made possible continuocus adjustment of wavelength. A support
for liquid~absorption cells was mounted between the water-cooled
shutter and the entrance window of the spectrophotometer, The out-
put of the compensated thermoplle wes registered by a D!'Arsonval
galvanometer having a sensitlvity of 0.045 microvolt per millimeter
at 1 meter. The slit widths used (0.3 to 0.5 .mm) corresponded to

an effective slit width of about 50 cm L (1 ! = 1/A(cm), where
A 1is wavelength). Galvancmeter deflections when no liquid cell
was in the light path were maintelned greater then 100 millimeters,

Liquid absorption cells. - Ideas from the literature (for
example, reference 9) were used for the design and the construc-
tlon of liquid cells with polystyrene-coated, rock-salt windows
about 3/16 inch thick separated by metal-foll epacers either
0.002 or 0.013 inch thick, The details and assembly of & ligquid
¢ell are shown in the sketches of filgure 1. A mercury-amalgam
coating on the foil sealed +tie liquld epace., Center-drilled,
brass machine screws with heads removed were forced Into tapered,
tapped holes in one of the rock-salt windows to provide filling
and emptying orifices that could be closed wlth tapped metal caps.
Hollow, cylindrical steel attachments, tapped at one end, replaced
the caps during filling and cleaning operations, The ¢ells slid
horizontally on ways so mounted that a cell could be moved at
wlll into or out of the entrant radlation.

DISCUSSION OF FACTORS AFFECTING PRECISION

Effective slit width. - References 10 and 11 prement complla-
tions of the infrared spectra of pure hydrocarbons. The infrared
spectra of triptane, cyclohexane, and benzeno measured with a
high-dispersion infrared spectrophotometer by the British Spec-
trographic Subcarmittes (reference 10) are reproduced in figure 2.
The effective slit widths of the spectrophotometer are Indicated
on the graph, The triptane spectrum for the region from 8 pu to
9.5 u, obtained at tho Clevelend laborstory with the routine-model
spectrophotameter used for the present tosts, 1s presented as a
superposed. dashed curve In figure 2 to demonstrato the relative
resolving power (effective slit width) of the spectrophotomster.
The, bands 1n the triptane spoctrum at epproximately 9.07 p and

9.26 p (separation, 22 cm'l) are not resolved in the dashed curve
but are merged into an asymmotrical poak, whoreas the bands at
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8.3 u and 8.7 p (separation, 58 cm-l) are resolved almost
equally well by both instrvments. This evidence 1ndlcates that
the effective sllt width of the routine-model spectrophotometer

in this region 1s ahout SO em~1,

Accuracy may be decreased 1f an enalysis bassd on bands

separated by less than 50 em L 1s attempted. Thils source of
error was obviated as far as poseible in the present analyses by
the selectlon of favorable wavelengths. Deviatlon from Beer's
law may be expected 1f the width of a band used is considerably

less than 50 cm'l. Correcticn for thls deviation was consldered

unnecessary because other random errors were of “the same order
of magnltude.

Choice of wavelengths for analysis, - When two or more com-
pounds in a miltlcompcnent mixture absorb radlation at the same
wavelength, their absorptions ars sald to "interfere." For the
sake of accuracy, this 1interforence should be as small as pos-
slble at the wavelengths chosen for analysis. A survey of the
spectra 1n figure 2 to find a sultable intense absorption band
that 1s characteristic of each comnound indicates the followlng
possibllities:

Wavelength of

Compound absorption bands
(r)
2,2,3-Trimethylbutane (triptane) 8.3, 8.7, 9.3
Cyclohexene 7.9, 11.6
Benzene 8.5, 9.7

Final cholce of one or twce wavelengths for analysis of
binary and termary mixtures is influenced by ccnslderation of
which two hydrocarbons are in the blnary rixtures or of whether
any one of the three hydrocarbons is known to be a principal
component of the termary mixtures. For example: When only
benzene absorption ls considered, the intense band at 9.7 n
would be prefarable to the weaker band st B.5 p for anelyzing
triptane-benzene mixtures because of interference by the trip-
tane bands at 8.3 u and 8.7 . For enalysis of cyclohexane-
benzene mlxtures, the benzene band at 8.5 u would procbably be
better because of absorption by cyclohexane near 9.7 p. For
ternary mixtures, cholce between these two bands should appar-
ently be determined by the concentration of triptane or cyclo-
hexane, estimauted by preliminary analysis. The benzene band
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at 9.7 B was chosen for tho pressnt tests because triptane was

the principal componunt of tho ternary mixtures and because benzone-
veme - ~.C¥clohexano mixtures were not investigated. The wavelengths

solected for analyses are indicated by arrows in figure 2.

Abgorption by coll windows. - For the present lnvestigation
each extinctlon E was computed as the logerithm of the retioc
of the galvanometer deflectlon at a given wavelength when no cell
was 1n the light path to the deflection at the same wavelangth
vhen a cell filled with liquid was in the light path. Henoce,
each measured extinction is the sum of the extinctlions of the
liquid and of the cell windows. If the absorption by cell windows
does not change during a series of measurements, thess measured
oxtinctlions are a reliabls basise for analysis. If fogging of
elther the insidse or the outside surfaces of the windows occurs,
the measured extinction wlll necessarily increase a dsfinite
amount and this lnocrease will be present 1n subsequent measurs-
ments. In order that corrections for such changews mey be appllod,
sxtinctions of the pure liquid components muasured at several
wavelengthe and rogarded as consternt standards may bu made daily
during a ssries of analyses. Necessary corrections indicated by
changes in these standsrd extinctions can then be applled to
subssquent measurements. If a value for the window absorption
i1s required, the extinction measured with a ligquid of negligible
absorpticn in the coll may be used. This guneral problem and
solutions for it are discussed in rvfurence 8.

Instrumental variables. - The undeslrablc effects of back-
ground radiation or stray light arising from scattering and
reflection of radiation at wavelengths shortsr than the wave-
length being measured were minimized by the optical design of the
spectrometor, by beffles, by light-absorbunt paint, and by the
use of an appropriate filter or shutter. Magnesium oxide served
as the fllter for the region from 3 pu to 10 u and llthium
fluoride as the shutter for the rovglon from 10 p to 15 p.

A constant-voltage transformor steblllized the power supply,
and rellancs was placed on tho design of the spesctrometer for
constancy of source intensity and reprocducibility of slit-width
sottings. Thu continuously adjustable screw (described under
APPARATUS) did not affcrd as good reproducibility as the turret
stops but was more convenlent for the wavelongth settings. The
galvenometer was set at zero prior to wach deflection by manual
adjuetment of the sliding translucent scale.
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A single cell was used for each serles of analyses and its
thickness was not accurately determined; cell thickness was
assumed constant and no correction was made for any increase of
thickness owing to solution of salt from the inside window sur-
faces by the dehydrated hydrocarbons. Effects on precislon of
gradual verlations of source intensity or thermopile or galva-
ncmetsr sensitivity were minimized by determining comsecutively
two deflectlons for celculating each extinction in as brief an
interval as possible, sbout 40 seconds for the average case.

PROCEDURE AND RESULTS

Twenty mixtures of the pure liguid hydrocarbons were quan-
titatively prepared by weighing, and extinctions to be used for
analyses were messured in a 0.002-inch cell at the wavelengths
designated in the followlng tabulation. The last two columnsg
designate the table and the figure in which the results of
measurements and analyses are shown.

Number of |Type of | Hydrccarbons In |Wavelengths{Figure|Table
mixtures [mlxture mlxture uged for
measwring
extinctions
(1)
12 Binary {Triptane, cyclo- 8.3 and 3 I
hexene 11.6
4 Binary |Triptane, benzene 9.7 4 II
4 Ternary|Triptane, benzene,| 8.3 and 5 III
and cyclohexzane 9.7

Exploratory investligatlons were essential as aids in the
cholce of wavelengths for the analyses. The precision of prelim-
inary analyses based on vericus wavelengths was compared. In
many cases, choice of wavelength bad only a small effect on pre-
clslon, but 1t was found that wse of a wavelength of 8.3 u
resulted in errore ebout one-third as large as those resulting
from the use of a wevelength of 11.5 u for analysls of the same
group of triptane-cyclchexane mixtures. (See table I.) The
larger error was probably due to 1nberference by the triptane
band at 12 u, These preliminary tests also indlcated the deslir-
ablility of analyzing blnary mixtures by using the most sultable
single wavelength to determine one component and by calculating
the amount of the other comnonent by subtraction from 100 per-
cent. Similarly, two wavelengths wers found to be adequate for
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analyzing ternary mixtures. Wavelengths of 8.3 p and 9.7 u, char-

ecteristic of triptane and benzene, respectively, were chosen as
the -probable-best pair for analysls of the ternary mixtures pre-
pared for this Investigation.

Binary mixtures. - For the binary mixtures of triptane and
cyclohexane, two ilndependent graphical analyses were made by
using the data for the pure compounds and for mixtures 2, 5, 8,
and 11 In table I to establish the straight lines shown in fig-
ure 3. Representative straight lines were drawn and the eight
other mixtures were independently analyzed relative to the lines
for wavelengths of 8.3 pu and 11.6 p. The 12 mixtures were also
analyzed by means of the date at 8.3 p by a simple mathematical
technique based on the slope and the lntercepts of the represent-
ative line. In all these analyses, the concentrations for the
unreported component may be determined by subtraction from
100 percent. Results of the analyses, expressed as volume per-
centages and as differences between analytical and welghed values,
are presented in table I.

Five measurements of extinction at 9.7 p were made for each
of the four binary mixtures of triptene and henzene. The data
wore treated by the Following two methods that are similar in
principle: (a) analysis on the basis of these five extinctions
by using a straight line through the mean extinctions at 9.7 n
for the pure compounds, as shown in figure 4; and (b) analysis
on the basis of the samc individual extinctions by means of
equation (6) in reference 7, adapted for binary mixtures. Arith-
metlic means of the resulting concentrations together with the
average differences of individual values from the mean of five
measurements, camputed 1n nercentage by vclume, are presented in
table II.

Ternary mixtures. ~ The four ternary mixtures containing
triptane, cyclohexane, and benzene were analyzed by using equa-
tion (8) of reference 7 for each palr of the five repeated meas-
urements of extinctiocn at wavelengths of 8.3 u and 9.7 u. The
results together with the differences, the mean values, the
differences between welghed and mean values, and the mean of
means are presented in table III. The campositions of the
ternary mixtures, plotted on the trilinear chart In figure 5
show that triptaene was present in the greatest concentrations
and that only a portidn of the possible range of camposition was
investigated. The method of analysis, however, did not involve
any edjustment of the data and should give results of uniform
accuracy for the complete range of composition.
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DISCUSSION OF RESULTS

All analyses are reported in percentages by volume of the
liquld hydrocarbon samples blended in the mixtures. Tables I
and IT present the most accurate sets of values selected from
exploratory tests at varlous wavelengths.

With one exception ell of the points for mixtures 3 to 10
of table I are ebove the straight line for 8.3 WU in figure 3;
whereas all points for mixtures 1, 11, 12, and the pure hydro-
carbons are below this line. This distrlibution of the points
indicates that a slight curvature (convex upward) in the line
used for analysis would have decreased the average error of the
analyses, Unpublished calculations based on a parabola gave
about O.l-percent improvemsnt. The data taken at 8.3 u (fig. 3)
seem to indicate a little deviatlon from Beer's law. Measurcments
at 8.3 u were also used to analyze the ternary mixtures; hence 1t
1s possible that the uncertainties reported in table III might have
becn slightly reduced by tvdious corrections for deviations from
Beer's law accordlng to the method described in reference 7.

The date presented in tables II and IIT indicaete that the
average absolute difference of five lndividual triptane determin-
etlons from the mean values or from the weighed values was in
nearly all of the cases larger than the difference between weighed
and meen analytical values of the concentration. Nonreproducibillty
of measurements is evldently an important source of uncerteainty.
The actual time for making moasurements is but a fraction of the
total time per analysis because date for a repeated evaluation of
extinotion can be readily obtained In less than 1 minute. An
analysis based on a mean of five measurements, therefore, requires
additional time of loss than 4 minutes for the cases reported in
table IT and less than 8 minubes for the termary analyses in
table III. This increase, which is about one-fifth of the average
time for each analysis, decreased the uncertainty of the results
In tables IT and IIT by about one-half and one-fifth, respectively.
In meny cases the increased reliability of the analyses would more
than compensate for the additional time regquired.

In addition to leck of reproducibility In measurements,
interference and small deviatlons from Beer's law (vhich may
kave been due to the large effective elit widths of the routine-
model infrared spectrometer) were important sources of uncer-
talnty. The botter precision of the binary-mixture analyses as
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compared with the analyses of ternary mirtures probably resulted
. from more suocessful eliminatlon of these factors, In all cases,
however, the precision attalned i1s satisfactory for many applica-
tions of a rapid infrared-analysis technique,

CONCLUSIONS

From analyses of 16 binary and 4 ternmary mixtures of liquid
hydrocarhons with a modified routine-model infrared spectropho-
tometer, the followlng conclusions were drawn:

1. Rapid and relisble analyses of binary and ternary mix-
tures of the three types of liquid hidrocarbon represented by
2,2,3~trimethylbutane (triptane), cyclohexane, and benzene are
feaslble by use of a routine-model infrared spectrophotometer
with an average uncertainty, relative to compounds regarded as
pure, of about #1 percent.

2. Exploratory measgurements on synthetic mixtures and pure
campourdls are essgentlal to determine the validity of Beer's law and
t0 establish the best method of analysis for each group of compounds,

3. The improved reliabllity of analyses that results from
using the means of five extinctions indicates the desirability of
repeating extinction measurements when a small increase of time
required for analysls is unimportant,

Alrcraft Engine Research Laboratory,
National Advisory Cammlittee for Aeronautics,
Cleveland, Ohlo
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TABLE I

14

INFRARED ANALYSES OF BINARY MIXTURES OF 2,Z,3-TRIMETHYLBUTANE

(TRIPTANE) AND CYCLOHEXANE

mixtures 2, 5, 8, and 11 as standardg)

@pectrophotometric values based on graphical analysis using

Magnitude of differ-
Mix- 2,2,3-Trimothylbutane once betweon welghed
turc in mixture and. spectropboto-
(porcont by volume) metric valuos
W 1ghed Spocirophotomutric (percunt by volume)
A= 8.3LIN=11L,6p|A=8.3ujA=11.64
|1 3.2 2.7 2.4 0.5 0.8
12 110 I J U PRSI SRS P
I 3 20.0 20.5 16.8 .5 3.2
l 4 28.7 29.3 29.0 .6 3
5 41,0 mmmmmmmcmee |em e e SIS P
. 6 i 49.¢ 50.7 50.0 1.0 .3
: T ° 50.0 49.8 50.5 .2 5
'8 | 58,9 |emmeommmoe s B
9 T4.7 5.8 19.8 ; 1.1 5.1
I 10 80.0 80.0 81,8 .0 1.8
11 Y- IR J TR FUNRURR I [P
| 12 95.5 95.3 99.2 .6 3.3
l
!Meﬂ.n ———————— e e e ———- - e - —— - I 0.6 1-9

National Advisory Commlttee
for Aoronautics
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TABLE IT

15

INFRARED ANALYSES OF BINARY MIXTURES OF 2,2,3-TRIMETHEYLBUTANE

(TRIPTANE) AND BENZENE

|§pectrophotometric measurcments at wavelength A of 9.71&

Mix- Magnitude of differ-

ture 2,2,3-?ri§z:211:ut:giu;:)mixturo onco botwuen weighed

| P y valuss and spectro-

I photometrlic means

' Wuighed Spectrovhotomutric (percent by volumo)

i Mean of Moan of Avurage|Graphlcal|{Calculatod
! flve graph-|fivu calcu~ :differ-

| ical dotor-|letud deter-jence

I minatlons 'mipations (a)

| 11z0.2 20.2 19.6 1.5 0 0.6

i 21 30.9 31.7 31.1 1.0 .8 .2

bz | 63,9 4.5 64.2 1.0 .3 3

| 4 les5.3 84.5 84.3 .4 .8 1.0

(Mean |------- L LT Tl TR, 1.0 0.5 0.5

BYaluws represent avurage of magnitrdes of diffuroncuvs in individ-
ual determinatlons from thu given mean values.
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(TRIPTANE), BENZENE, AND CYCLOHEXANE

~ TABLE III - INFRARED ANALYSES OF TERNARY MIXTURES OF 2,2,3-TRIMETHYLBUTANE

[Spectrophotometric analyses calculated on the basis of measurements at 8.3p and 9.7u.]

[Mix- | Deter- 2,2,3-Trimethylbutane Benzene Cyclohexane
ture | mina- {percent by volume; (percent by volume) {(percent by volume)
tion Weighed | Spectro- | Differ-| Weighed | Spectro- | Differ- | Weighed | Spectro- | Differ-

- photo- ence photo- ence photo- ence

metric metric metric :
1l a 40.6 42.6 2.0 50.2 51.1 0.9 9.2 6.3 ~2.9
b | mmemme——- 39.5 “l.l | =eememe-- 50.1 el | meccccae- 10.4 1.2
€ |mwwe- haadndiad 40.4 ‘-2 ------- 49.3 -og """""" 10.3 1.1
4 | wemem———-- 38.6 “2.0 | memcecee- 52.0 18 [|=owo=ea-- 9.4 2
& | wmmmmce=- 38.6 «2.0 | =—-=meea- 50.3 el | eememmee- 11,1 1.9
Mean |-e~--cvwl cc-ceone- 39.9 =07 | =-m=-e==- 50.6 04 | ~=vwo—ew- 9.5 0.5
2 a 63.6 63.7 0.1 26.1 29.6 3.5 10.3 6.7 -3.6
b |--eemee=- 62.1 =15 | mmemeeee- 28,7 26 | we-mmce-- 9.2 -1.1
[ hatdadecd ) i 63.9 03 """"" 29.0 2.9 -------- 7.1 -3.2
A | emm—————- 63.0 b6 | mmcmmeee- 29.4 63 | mmm=mmee- 7.6 -2.7
Q@ | mmmeeceoce 6019 "2.’7 -------- 2’7.7 106 --------- 11 04 101
Mean [=-=-=ves| ceacccwan 62.7 =049 | v-vee—e-a 28.9 268 | mmmwmeea- 8.4 -1.9
3 a 64.2 66.2 200 9.8 8.7 -1 .l 26.0 2501 -009
b | emmeemene=- 64.9 7T | =mmmm———- 9,5 “ed | memmmm——— 25.6 -4
C | mmeeeenee 66.5 2,3 | mmmmme=a- 9,9 ol | mememnae- 25.6 -2.4
d |i=emeecea- 65.8 1o | ==o=m===-- 9.1 7 | mmm—e——- - 25.1 -9
0 |imemwmeena- 66,9 2.7 | =ewmeoa-a 10,9 11 |---cce-w- 22.2 -3 8
Nean |~==w==e-l cocmeae~a 66.1 1,9 | —cwcencaw- 9.6 0.2 | wweeoneaa 24 .3 -1.7
4 a 87.4 89.0 1.6 8-2 7.4 -O.8 4.4 3.6 -0.8
b ------ 88.5 .9 """"""" '7.5 - .7 ------- 4.2 °.2
C | mmmmmm—e- 88.9 1.5 ------ 7.1 -1.1 mmm e - 4.0 "'o4
d “““““““ 90.6 5.2 ------- 7.1 ‘1 ol ------- 2.5 "2 .1
@ || memmmmaesa 88-2 .8 “““““ 6.7 -1 .5 “““““““ 5.1 .'7
lean -------- - - - - 89-0 1.6 """"""" 7.2 -1 ‘o --------- 5-8 -O'G
dean of means | ~c-==ece- femcoecacaa £ 13 | memveemon |aoceacaeaa tledl |o-memcome e +1,.2
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Figure 1. - Sketch of liquid-absorption cell.
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Figure 2. - Infrared spectra of 2,2,3-trimethylbutane
(triptaone), cyclohexone, and benzene. Reproduced from
reference 11. Superposed dashed curve for triptone (from
8 to 9.5 u) obtalned ot the Cleveland laboratory with a
routfne-model! infrared spectromster. Arrows indicote
obsorption bands chosen for onaolysis.
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2,2,3=Trimethylbutan
(Triptane)
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ented on a trilinear ochart.
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